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FOLIAR NUTRITON USING INORGANIC SALTS: LAWS OF CUTICULAR PENETRATION

Abstract: 
Laws of cuticular penetration have been elucidated using calcium and potassium salts. 
Rates of penetration were greatly affected by humidity over cuticles, and hygroscopicity of salts. Penetration requires 
dissolution of the salt. This is determined by the point of deliquescence (POD) of the salt and humidity over the salt 
residue . POD is defined as that humidity over a saturated solution containing solid salt. When humidity is above POD the salt 
residue on the cuticle dissolves, while below a solid residue is formed and penetration ceases. Hence, salts suitable for foliar 
nutrition should have a low POD. The following salts meet this criterion: CaCl 2 (33%), MgCl 2 (33%) K2CO3 (44%), Ca(NO3)2
(56%) and Mg(NO 3)2 (56%). Salts having POD’s above 90% (for instance K 2HPO4, KH2PO4, KNO3, Ca-acetate, Ca-lactate 
and Ca-propionate) are not suitable for foliar nutrition, as they penetrate only at a humidity close to 100%. When humidity 
is above POD rate constants of penetration increased with increasing humidity by about a factor of three and maximum rates were 
measured at 90 to 100%. This is attributed to swelling of cuticles. The driving force for cuticular penetration is the concentration 
difference across the CM. Ion concentrations in the apoplast are in the millimolar range while water solubility of inorganic salts can 
be very high. Fortunately, with the exception of MgCl2 all salts mentioned above having a low POD’s also have high aqueous 
solubility ranging from 1.25 to 6.60 kg per kg water which shows that driving forces are very large following spray application and 
evaporation of excess water. Plasticiser and temperature did not affect rates of penetration and spraying should be done in the 
evening to take advantage of high humidity during the night. 
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Salt 
Mg content 
of leaves 

after foliar 
fertilization 

 Point of 
deliquescence 
[% rel. humidity] 

 [% Mg in DM]  (25 °C)  

 
   

MgCl2 0.54  42 

Mg(NO3)2 0.51  63 

MgSO4 0.10  96 

Control 0.05  - 
    

 

Point of deliquescence: Necessary humidity for the formation of a saturated salt solution

Comparison of the efficiency of different Mg salts as
foliar fertilizers and their point of deliquescence 

Data on Mg content of grape leaves after foliar fertilization of equivalent amounts of Mg from Hagler (1957) Proc. Am. Soc. Hort. Sci. 70,
178-182, and on the point of deliquescence of Mg salts from Aydogan (2003) Thesis, University Bonn 
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Produkte zur Verbesserung der Ca-Versorgung  
Biologische Wirkungsvergleiche von Ca-Verbindungen

Prüfungen in Nährlösungsversuchen mit gezieltem Nährstoffmangel

Calcium als Blattdünger
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Ca-Mangel-Symptome
jüngerer Blätter
der Buschbohne
bei Angebot von
7,5 µM Ca in der 
Nährlösung

Calcium als Blattdünger



www.compo.cl8

Vergleich anorganischer CaVergleich anorganischer Ca--Salze mitSalze mit

organischen Caorganischen Ca--Verbindungen als BlattdVerbindungen als Blattdüüngungngung

Ca(NO3)2 versus a) Ca-Ascorbat
b) CaEDTA
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Kontrolle
500 µM Ca

VE-Wasser Ca-AscorbatCa(NO3)2

Ca-Angebot der Nährlösung 7,5 µM die letzten 13 Tage

Blattspritzungen mit 0,5 % Ca (= 125 mM Ca) zweimal/Woche

Vergleich anorganischer CaVergleich anorganischer Ca--Salze mitSalze mit

organischen Caorganischen Ca--Verbindungen als BlattdVerbindungen als Blattdüüngungngung
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Effect of molecular weight of Ca salts on the Ca penetration
across cuticles of Vicia and Populus

Model experiments at 100% humidity with stomatous leaf discs from Vicia
and astomatous cuticular membranes of Populus
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Based on Schlegel et al. (2005) Planta 221, 648-655 
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+ 45 mmol Na2EDTA/L

Schönherr (2000) J. Plant Nutr. Soil Sci. 174, 225-231

Effect of NaEDTA on the penetration rate of CaCl2 across
astomatous cuticular membrane

Model experiment with enzymatically isolated adaxial pear leaf cuticles at 90% humidity
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Effect of humidity on the penetration of Ca from Ca(NO3)2

across astomatous cuticular membranes

Model experiment with enzymatically isolated adaxial pear leaf cuticles
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Zusammenfassung CaZusammenfassung Ca

Ca(NO3)2 (oder CaCl2) sind organisch komplexierten Ca-Verbindungen
in ihrer Düngerwirkung als Blattdünger überlegen.



Effect of Amino Acids, Auxins 
and Calcium on Fruit Ca 
Levels and Quality
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Treatment Product Rate/Application Wetting
Time of Application 
(diameter of grape)

Total Rate / ha

L - Kg/ Ha L / Ha 4 mm 6 mm 10-12 mm L / Kg

1 Control 2,000 

2
Competitor: 

CaCl2 + 
Polypeptide

3,0 2,000 X X X 9

3 Basfoliar Ca Sl 2,7 2,000 X X X 8,1

4
Basfoliar Ca Sl 

+ 
Kelp/Auxines

2,7
+ 

4,0
2,000 X X X

8,1
+ 12

5
Basfoliar Ca Sl 
+ Amino acids

2,7
+ 1,8

2,000 X X X
8,1

+ 5,4

Trial set - up

Effect of Amino Acids, Auxins and Calcium on Fruit 
Ca Levels and Quality in table grape cv. Thompson Seedless
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Effect of Amino Acids, Auxins and Calcium on Fruit 
Ca Levels and Quality in table grape cv. Thompson Seedless

Grape Pulp Ca levels in table grape cv. Thompson Seedless. 
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Grape Shatter in table grape cv. Thompson Seedless. 

Effect of Amino Acids, Auxins and Calcium on Fruit 
Ca Levels and Quality in table grape cv. Thompson Seedless

Small grapes have a tiny end on 
them which functions like a cap. 
As the grapes grow larger these 
caps fall off. But sometimes during 
a cool, wet spring a crop of grapes 
can fail to develop properly and 
this will lead to the cap at the end 
becoming very tough.
When the warm weather of 
summer arrives and as the grape 
matures, it will begin to push up 
against this cap that is now very 
tough. The end result being is that 
instead of the cap falling off the 
grape actually shatters against the 
cap due to the pressure of being 
pressed up against it. When this 
occurs it can destroy whole yields 
and leads to what is known as a 
poor fruit set with bunches that 
only have a few grapes.
Grape shatter is a major concern 
that puts many vineyards at the 
mercy of the weather each and 
every year.
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Effect of Amino Acids, Auxins and Calcium on Fruit 
Ca Levels and Quality in table grape cv. Thompson Seedless



www.compo.cl20

Conclusions

When supplied at the same rate of Calcium Basfoliar Ca SL/CaCl2
showed the highest levels of Ca in the grape pulp.

Other parameters are not statistically different, but there are some 
tendencies to decrease the quality problems in the fruit with Basfoliar 
Ca Sl/CaCl2. 
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Treatment Product Rate/Application Wetting
Time of Application 
(diameter of grape)

Total Rate / ha

L - Kg/ Ha L / Ha 4 mm 8-9 mm 10-12 mm L / Kg

1 Basfoliar Ca Sl 6 3,000 * X X X 18

2
Basfoliar Ca Sl 

+ Solubor
6

+ 1,2 Kg
3,000 * X X X

18
+ 3,6

3
Basfoliar Ca Sl 

+ Solubor
6

+ 1,6 Kg
3,000 * X X X

12
+ 4,8

Effect of foliar Ca and B on decrease of fruit 
cracking in table grape cv. Flame seedless. 

*The wetting depend of the grower in this case and isn’t our recommendation in table grape. 
In Chile the typical wetting is 1,500 to 2,000 liters/ha. 

Trial set-up
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Effect of foliar Ca and B on decrease of fruit 
cracking in table grape cv. Flame seedless. 
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Treatment Product Ca (mg/100g) B (mg/100g) DM (%)

Dec 15th Jan 22th Dec 15th Jan 22th Dec 15th Jan 22th 

1 Basfoliar Ca Sl 13,4 7,8 0,21 0,53 6,7 20,3

2
Basfoliar Ca Sl 

+ Solubor
14,5 13,2 0,41* 0,82* 8,2 22,1

3
Basfoliar Ca Sl 

+ Solubor
15,7 11,0 0,45* 0,85* 7,2 20,1

Effect of foliar Ca and B on decrease of fruit 
cracking in table grape cv. Flame seedless.
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Effect of foliar Ca and B on decrease of fruit 
cracking in table grape cv. Flame seedless.
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Effect of Ca and B on grape firmness in table grape cv. Flame 
Seedless. 

* > 300 gr/mm = Good

Effect of foliar Ca and B on decrease of fruit 
cracking in table grape cv. Flame seedless.
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Thank you for your 
attention


